Abstract -The karyotype of the eutardigrade Milnesium tardigradum Doyère, 1840 from a parthenogenetic population is described for the first time. Mitotic cells prepared from early developmental stages revealed ten more or less rod-shaped telocentric chromosomes. Chromosomes are not uniform in size, and differ in length depending on the developmental stage and in compactness, i.e. namely the chromosomes in metaphase exhibit a polymorphic appearance in size and staining intensity. One pair of chromosomes is characteristic in most metaphases. Here, each chromosome is either nearly twice as long as the others or both can be observed as the densest chromatin. The diploid chromosome number of 2 n = 10 corresponds very well to that known from many other eutardigrades.
INTRODUCTION
Chromosomes of tardigrades have been detected already at the beginning of the 20 th century (Henneke 1911; von Wenk 1914) . However, only after the numerous studies of Bertolani and his coworkers (e.g. Rebecchi et al. 2002; 2003 ) the karyotype of a remarkable high number of eu-and heterotardigrade species is known. Haploid chromosome number varies mostly between five and six and a multiple in polyploid species. The karyograms of most tardigrades, uniform with regard to the number as well as size and shape of chromosomes, did only allow limited conclusions on phylogeny and systematics, but made possible detection of polyploid populations and analysis of reproductive mechanisms (for reviews see Bertolani 1975; 1982; 1994) .
In the majority of these studies squash preparations of somatic tissues or germ cells (from testis or ovary) of adults were used and stained with aceto-lactic orcein or Giemsa solution. More recently fluorochromes and banding techniques were applied to eutardigrade chromosomes (Rebecchi et al. 2002; Altiero & Rebecchi 2003) .
Surprisingly, the karyotype of members of the Apochela seems unknown as yet. The only published picture of chromosomes of Milnesium tardigradum is unclear in some respect (Vitková et al. 2005) . This is in so far noteworthy because this taxon that includes three genera (Milnesium, Limmenius, and Milnesioides) is unique in several aspects. It differs from all other eutardigrade by having peribuccal papillae and papillae remote from the buccal opening and two double branched claws, the branches of which are not joined (cp. Claxton 1999). The knowledge of the karyotype would not only enlarge the list of known karyotypes in Tardigrada but could also form the basis for studies concerning putative different reproductive modes in Milnesium.
In the course of a more comprehensive study on Milnesium tardigradum Doyère, 1840 we began to analyse the karyotype of a unisexual population of this species. As we failed to prepare chromosomes from adult tissues, i.e. from coelomocytes, which should be a source for mitotic activity (Marcus 1929: p. 46) or whole body preparations (see Vitková et al. 2005) , we used developmental stages. Previous histological works on developmental stages published from the same author (Marcus 1929: figs. 81-84) and from others (Henneke 1911; von Wenk 1914; Ammermann 1967; Bertolani 1975 ) supported this approach.
MATERIAL AND METHODS
We collected exuvia of M. tardigradum that contained developing eggs (embryonic stages) from roof mosses Tortula ruralis (Hedw.) Gärtn., T. subulata Hedw., Grimmia pulvinata (Hedw.) Sm. of a single locality at the campus of the University of Dü sseldorf throughout the year and established long time cultures (meanwhile one year) following the method of Suzuki (2003) , and Schill (pers. communication). Females isolated from several generations always produced females. We never found males either in the field or in mass cultures. This clearly indicates that we work with a parthenogenetic population. Parthenogenesis of M. tardigradum has been demonstrated already by Baumann (1964; see also Suzuki 2003) .
Chromosome preparations were performed essentially according to Crozier (1968) with the modifications of Rebecchi (1991) . In brief, exuviae with developing eggs were fixed for 30 min in a mixture of acetic-methanol (1 + 3). Single exuviae were transferred onto a slide and, shortly before the evaporation of the fixative, 7.5 µl of 60% acetic acid was added. With fine tungsten needles the eggs were squeezed out of the exuvia and then opened. The slide was placed onto a heating plate (60°C) and after 60 sec the remaining solution was moved aside and the preparation was left until dried completely.
The slides were stained 10 min in 10 -2 DAPI stock/PBS (stock solution: 1 mg DAPI (4',6-Diamidino-2-phenylindole·2HCl) in 10 ml 0.18M Tris-HCl, pH 7.5) washed in PBS, mounted in Cityfluor and examined with a Zeiss Photomicroscope III or a Zeiss Axioplan with epifluorescence optics. After examination the cover slip of slides with metaphases were removed and washed again in PBS. They were stained with Giemsa solution about 5 h (3% Giemsa (GURR) in 0.01 M phosphate buffer, pH 7.4), shortly washed in water, air dried and mounted either in Caedax or DPX. Alternatively, air dried slides were stained directly in Giemsa solution as described above. The remnants of the exuvium on each slide have the advantage of indicating the species used, i.e. the origin of the chromosomes.
RESULTS AND DISCUSSION
Conventional staining with Giemsa solution of metaphase chromosomes of M. tardigradum always revealed the presence of ten chromosomes that show more or less indications of separated chromatids. In one preparation of an early embryo nearly all of the cells revealed a division stage. The interpretation of the configurations is not always straight forward. The twenty countable units (Fig. 1a, arrows; insert) can be interpreted as metaphases that represent ten chromosomes with distinct chromatids. Sometimes even configurations are detectable which resemble meiotic pairing stages (Fig. 1a, insert ) which can excluded with certainty. It must be stressed that all these chromosomal stages are seen in the very same cell population of embryos. In contrast to nearly all published chromosome micrographs of tardigrades the chromosomes of M. tardigradum are not as uniform in size and shape. Only Isohypsibus granulifer and Macrobiotus pseudohufelandi show chromosomes different in size and shape (Bertolani 1975; Rebecchi 1991), The five chromosome pairs vary in compactness and, thus in staining, which is most likely due to their different DNA contents. From size and staining intensity one can therefore combine pairs of chromosomes (Fig. 1c) .
A more detailed view is obtained by the inspection of chromosomes at different stages of mitosis from prophase to maximal condensation (Fig. 1b-f) . Extended chromatids measure up to 5 µm whereas the most condensed chromosomes measure about 1 µm, in length as reported from many other tardigrades (see Bertolani 1975; 1982; 1984) . A distinctive feature of the Milnesium karyotype is the presence of one large pair of chromosomes which exceeds the length of the other pairs considerably (Fig. 1d-f) . Moreover, it appears that these chromosomes are differentiated in a more dense heterochromatic half and a less compacted half (Fig. 1b arrows, d, e) . We assume that this large pair is equivalent to the most darkly stained elements in metaphases (Fig. 1a, arrowheads) . This is especially evident in Fig. 1b with both stages next to each other.
A further peculiarity is the observation that homologous chromosomes often show a close juxtaposition and coorientation (Fig. 1a) . This becomes evident most clearly if the chromatids can be distinguished. Starting out from ten (2n) somatic chromosomes in M. tardigradum, therefore, twenty elements could be seen in some of our preparations (Figs. 1a arrows; insert) . Because we assume mitotic divisions in these early developmental stages we speculate that the close vicinity of homologous is not a meiotic but a somatic pairing. This special kind of chromosome pairing is known from Drosophila and other Diptera (Metz 1916) .
Our results suggest that chromosomes of M. tardigradum are telocentric as most common in tardigrades (Bertolani 1975; 1982; Rebecchi et al. 2002) . Indicative are the small extended tips in some preparations, especially of the long chromosomes (Fig. 1f ). Figure 1f that shows an anaphase is remarkable in that the somatic pairing of the chromosomes obviously persists. However, we never observed the flame-like configuration that is often but not always present in oocytes of tardigrades (e. g. Rebecchi 1991; Rebecchi et al. 2002) , and which could be observed for instance in Neuroptera (Hughes-Schrader 1975; 1983) .
The diploid chromosome number of somatic cells in M. tardigradum is ten as shown in this paper. In a recently published article the mitotic metaphase of a whole body preparation of M. tardigradum obviously shows 14 chromosomes (Vitková et al. 2005) . However, no further karyotype information is given by the authors in the text and the table summarizing their results.
A large number of Eu-and Heterotardigrada possess n = 5 to n = 6 or multiples of this number in cases of polyploidy. There are only few exceptions (Itaquascon trinacriae Arcidiacono, 1962; Echiniscus-species; Isohypsibius granulifer (Thulin, 1928 ) that may be explained in the case of I. granulifer by the centric fusion of eight of the twelve telocentric chromosomes. The karyotype of the latter has therefore instead of n = 6 chromosomes n = 4 chromosomes, of which two are metacentric and two are telocentric (Bertolani 1982) . Due to the absence of males, the population of M. tardigradum investigated by us is unisexual reproducing parthenogenetically; it is composed of diploid individuals, a pattern known from a variety of Eutardigrada and Echiniscus-species (e.g. Hypsibius dujardini, Doyère, 1840; Ammermann 1967).
